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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates generally to the treat- 
ment of cardiovascular diseases such as restenosis, 
acute thrombosis, intimal hyperplasia and subacute 
thrombosis. More particularly, the invention relates to an 
expandable sheath containing a therapeutic drug for re- 
lease into a body lumen for treating disease or injury. 

Description of Related Art 

[0002] Coronary devices have maintained unprece- 
dented growth throughout the 1980's and 1990's such 
that coronary angioplasty is commonplace for treatment 
of atherosclerotic vascular disease. In a typical percu- 
taneous transluminal coronary angioplasty (PTCA) pro- 
cedure, a guiding catheter having a preformed distal tip 
is percutaneously introduced into the cardiovascular 
system through the brachial or femoral arteries and is 
advanced therein until the distal tip is in the ostium of 
the desired coronary artery. A guidewire and a dilatation 
catheter having an inflatable balloon on the distal end 
thereof are introduced through the guiding catheter with 
the guidewire slidably disposed within an inner lumen of 
the dilatation catheter. The guidewire is first advanced 
out of the distal end of the guiding catheter and is 
maneuvered into the patient's coronary vasculature 
containing the lesion to be dilated, and is then advanced 
beyond the lesion. Thereafter, the dilatation catheter is 
advanced over the guidewire until the dilatation balloon 
is located across the lesion. Once in position across the 
lesion, the balloon of the dilatation catheter is filled with 
radiopaque liquid at a relatively high pressure (e.g., 
greater than about four atmospheres) and is inflated to 
a predetermined size to radially compress the athero- 
sclerotic plaque of the lesion against the inside of the 
arterial wall to thereby dilate the lumen of the artery. The 
balloon is then deflated so that the dilatation catheter 
can be removed and blood flow resumed through the 
dilated artery. 

[0003] By way of example, further details of the angi- 
oplasty procedure and the devices used in such proce- 
dures can be found in U.S. Patent 4,323,071 (Simpson- 
Robert); U.S. Patent No. 4,439,185 (Lindquist); U.S. 
Patent No. 4,516,972 (Samson); U.S. Patent No. 
4,538,622 (Samson et al.); U.S. Patent No. 4,554,929 
(Samson et al.); U.S. Patent No. 4,616,652 (Simpson); 
U.S. Patent No. 4,638,805 (Powell); and U.S. Patent No. 
4,748,982 (Horzewski et al.). 

[0004] A common problem that sometimes occurs af- 
ter an angioplasty procedure is the appearance of res- 
tenosis at or near the site of the original stenosis in the 
blood vessel which requires a secondary angioplasty 
procedure or a bypass surgery. Numerous approaches 



were developed during the late 1 980's to treat resteno- 
sis of the coronary arteries in an attempt to decrease 
the incidence of acute complications and the chronic 
restenosis rate. For example, in the prior art are me- 
5 chanical approaches such as atherectomy, stents, laser 
angioplasty, and the application of pharmacologic 
agents. Of the mechanical approaches described, stets 
have been the most promising to prevent restenosis and 
to prevent elastic recoil of the vascular wall. 
10 [0005] In expandable stents that are delivered with 
expandable catheters, such as balloon catheters, the 
stents are positioned over the balloon portion of the 
catheter and are expanded from a reduced diameter to 
an enlarged diameter, greater than or equal to the diam- 
15 eter of the arterial wall, by inflating the balloon from with- 
in the stent. Stents of this type can be expanded to an 
enlarged diameter by deforming the stent and expand- 
ing it into engagement with the vascular wall. It is com- 
mon for stents of this type to experience endothelial 
20 growth over and around the stent. Examples of such ex- 
pandable catheters and stents are disclosed in U.S. Pat- 
ent No. 5, 1 02,41 7 (Palmaz), U.S. Patent No. 5, 1 23,91 7 
(Lee), and U.S. Patent No. 5,133,732 (Wiktor). 
[0006] Unfortunately, the stents that are currently be- 
25 ing implanted are reported to have a fairly high resten- 
osis rate, in the seven to forty percent range. With this 
relatively high restenosis rate, there has developed a 
need for some means of reducing the restenosis rate 
when using a stent, and limiting recurrent stenosis even 
30 when a stent is not used. 

[0007] Further expandable stets are shown in EP-A- 
0,604,022, DE-A-3,640,745, EP-A-0,621 ,01 7 and 
EP-A-0,649,637. In particular, EP-A-0,604,022 de- 
scribes a stent of multilayered laminated construction 
35 wherein one layer addresses the structural require- 
ments of the stent and additional layers release drugs 
at predictable rates. Both the structural layer as well as 
the drug releasing layers are eventually completely re- 
sorbed by the body. DE-A-3,640,745 shows a double- 
40 walled endoprosthesis which contains an adhesive in 
the space between the two walls. It is received on a cath- 
eter and can be inserted together with the latter, for ex- 
ample into a vessel, in the correct position and can be 
implanted in this vessel by radial widening and subse- 
45 quent fixing in the widened position. EP-A-0,621 ,01 7 
describes an intravascular stent comprising a cylindrical 
sheet having overlapping edges that interlock. The edg- 
es have a series of protrusions and apertures that inter- 
lock and ratchet as the stent expands to an open posi- 
50 tion to support-a section of arterial wall. The stent may 
be expanded by a balloon catheter or it may be self-ex- 
panding. The stent is biocompatible, may be bio-erodi- 
ble, and capable of localized drug delivery. EP-A- 
0,649,637 describes an at least partially preformed pol- 
55 ymeric product for paving or sealing the interior surface 
of a tissue lumen by entering the interior of the tissue 
lumen and applying said polymer to the interior surface 
of the tissue lumen. The polymer can be delivered to the 
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lumen as a monomer or prepolymer solution, or as an 
at least partially preformed layer. 

SUMMARY OF THE INVENTION 

[0008] According to the present invention there is pro- 
vided an expandable sheath for delivering a therapeutic 
drug in a body lumen, comprising an expandable mem- 
brane in the form of a cylindrical member and having a 
first end and a second end, and a first layer and a second 
layer, said first layer and said second layer being affixed 
to each other along their edges to form a drug-contain- 
ing reservoir between the two layers, said first layer hav- 
ing a plurality of apertures through which a therapeutic 
drug can diffuse from within said drug-containing reser- 
voir, said plurality of apertures remaining open when 
said first layer is in a stretched condition and said aper- 
tures tightly closing when said first layer is in a relaxed 
condition; a therapeutic drug contained within said res- 
ervoir; and means for intraluminally delivering and ex- 
panding said expandable membrane in the body lumen 
so that said therapeutic drug can be eluted at a specific 
site in the body lumen. 

[0009] One of the primary advantages of these em- 
bodiments is to provide local delivery of a therapeutic 
drug to eliminate the need for systemic delivery which 
may have undesirable side effects. Local delivery of a 
drug can be accomplished using a drug loaded expand- 
able membrane carried by a perfusion-type catheter 
system (non-implantable) or by loading the membrane 
on a stent for implanting in a vessel. The drug release 
from the expandable membrane can be controlled to 
match a particular clinical need or specific condition 
such as restenosis or acute thrombosis. 
[0010] The expandable sheath of a preferred embod- 
iment comprises an expandable membrane in the form 
of a tubu lar or cylindrical member having a cavity for car- 
rying a drug. The membrane may in addition carry a 
therapeutic drug in the form of a matrix. A therapeutic 
drug is loaded in the expandable membrane so that it 
can diffuse outwardly into the vessel wall once the ex- 
pandable membrane is delivered to the site where a PT- 
CA procedure has occurred. The expandable mem- 
brane is mounted on the distal end of a catheter, and 
more specifically on an expandable portion (balloon) by 
sliding or stretching the expandable membrane around 
the expandable portion of the catheter. 
[0011] In one embodiment, the membrane may be in 
the form of a flat sheet with a first and second edge 
which overlap and are attached to each other so as to 
form a sleeve around the expandable portion of the cath- 
eter. In an alternative embodiment, the membrane is in 
the form of a seamless tube carried by the catheter. The 
catheter is then delivered intraluminally to the area 
where the diseased or injured area has occurred and 
the expandable portion of the catheter is expanded such 
that it also expands the expandable membrane. Once 
expanded, the therapeutic drug diffuses into the vessel 



wall for treating the injured or diseased area. Thereafter, 
the expandable portion of the catheter is deflated and 
the catheter and expandable membrane are withdrawn 
from the vasculature. 

5 [0012] Prior to attaching the two layers of the expand- 
able membrane, the first elastic layer is stretched and 
drilled with a plurality of micro-holes or apertures 
through which the therapeutic drug can pass. Thereaf- 
ter, the first layer and second layer are affixed to each 

10 other as described, and a therapeutic drug is injected 
into the cavity between the two layers through any of the 
plurality of apertures. When the expandable membrane 
is in its relaxed condition, the plurality of apertures close 
tightly so that no therapeutic drug can pass there- 

15 through. The expandable membrane is then rolled onto 
the balloon portion of the catheter to form a cylindrical 
configuration and is delivered intraluminally as de- 
scribed above. The flat sheet is rolled into a cylinder and 
the edges are joined by welding, adhesive, etc. The bal- 

20 loon portion of the catheter is expanded thereby ex- 
panding the expandable membrane and forcing the 
therapeutic drug through the plurality of apertures and 
into contact with the vessel wall at the site of the injured 
or diseased area. After the therapeutic drug has been 

25 delivered, the balloon portion of the catheter is deflated 
and the catheter and expandable membrane are with- 
drawn from the vasculature. Instead of forming the ex- 
pandable membrane from flat sheets, this embodiment 
may also be achieved with two tubular members, one 

30 within the other, to form a cavity between the layers. The 
ends are sealed and laser micro-holes are drilled into 
the outer layer to allow the therapeutic drug to pass 
therethrough. The tubular members also may have a 
drug incorporated in the polymer material in the form of 

35 a matrix which allows the drug to diffuse into the vessel 
wall over time. 

[001 3] In yet another embodiment of the invention, an 
intravascular stent is mounted on the balloon portion of 
a catheter so that it may be implanted in a conventional 

40 manner within the vasculature. An expandable mem- 
brane having a therapeutic drug contained therein, in 
the form of a matrix, is mounted on the outer surface of 
the stent and the catheter, stent, and expandable mem- 
brane are delivered intraluminally to the injured or dis- 

45 eased area. As the balloon is expanded, it forces the 
stent radially outwardly along with the expandable mem- 
brane and into contact with the vessel wall. The balloon 
portion of the catheter is then deflated and the catheter 
and balloon withdrawn from the vasculature leaving the 

50 intravascular stent and expandable membrane implant- 
ed at the injured or diseased area. Thereafter, the ther- 
apeutic drug will diffuse from the matrix into the vessel 
wall to provide treatment in an effort to reduce the inci- 
dence of restenosis. 

55 [0014] The expandable membrane may be deployed 
in a body lumen through a variety of devices, including, 
but not limited to, balloon catheters and specialized de- 
vices which can deliver a stent within a body lumen. 
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These and other advantages of the invention will be- 
come more apparent from the following detailed de- 
scription thereof when taken in conjunction with the ac- 
companying exemplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

FIGURE 1 is a top view of an expandable mem- 
brane prior to rolling into a cylindrical configuration; 

FIG. 2A is a perspective view of the expandable 
membrane of FIG. 1 in its rolled up condition with 
its first edge attached to the second edge in an over- 
lapping relationship; 

FIG. 2B is a perspective view depicting the elastic 
membrane in a hollow tubular form that is seamless; 

FIG. 3 depicts a partial cross-sectional view of an 
elevation of a rapid exchange catheter system hav- 
ing a stent mounted on a balloon with the expand- 
able membrane mounted over the stent; 

FIG. 4A is a partial cross-sectional view depicting 
an over-the-wire catheter system having a stent 
mounted on the balloon portion of the catheter and 
an expandable membrane mounted over the stent; 

FIG. 48 is a partial cross-sectional view of a per- 
fusion-type catheter system having a stent mounted 
on the balloon portion of the catheter and an ex- 
pandable membrane over the stent; 

FIG. 5 is an elevational view depicting the rapid ex- 
change catheter system of FIG. 3 wherein the stent 
mounted on the balloon portion of the catheter has 
a specific configuration and the expandable mem- 
brane is mounted over the stent; 

FIG. 5A is a cross-sectional view taken along line 
5A-5A depicting the expandable membrane over 
the stent and balloon portion of the catheter; 

FIG. 6 is a partial cross-sectional view of the cath- 
eter delivery system and stent with the membrane 
mounted on the stent being transluminally delivered 
within the patient's vasculature; 

FIG. 7 is a partial cross-sectional view of the balloon 
portion of the catheter expanding the stent and the 
expandable membrane within the patient's vascu- 
lature; 

FIG. 8 is a partial cross-sectional view of an intra- 
vascular stent and an expandable membrane im- 
planted against the patient's vessel wall; 



FIG. 8A is a cross-sectional view taken along line 
8A-8A depicting the expandable membrane and 
stent expanded and in contact with the vessel wall; 

5 FIG. 9 is a perspective view of the expandable 

membrane of the present invention wherein the first 
layer and the second layer are spaced apart prior 
to affixing the edges to each other; 

10 FIG. 10 is the expandable membrane of FIG. 9 
wherein the first layer and the second layer have 
been joined and the plurality of holes are closed 
since the membrane is in its relaxed condition; 

15 FIG. 11 is a perspective view of the expandable 
membrane of FIG. 10 in its rolled up condition and 
in an unexpanded state with the plurality of micro- 
holes tightly closed thereby containing the drug 
within the drug filled reservoir; 

20 

FIG. 11 A is a perspective view of an expandable 
membrane having an inner tube and an outer tube 
with a drug receiving cavity in between the two 
tubes; 

25 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

[0016] During PTCA procedures it is common to use 

30 a dilatation catheter to expand a diseased area to open 
the patient's lumen so that blood freely flows. Despite 
the beneficial aspects of PTCA procedures and its wide- 
spread and accepted use, it has several drawbacks, in- 
cluding restenosis and possibly acute thrombosis. This 

35 recurrent stenosis has beer, estimated to occur in sev- 
enteen to fifty percent of patients despite the initial PT- 
CA procedure being successful. Restenosis is a com- 
plex and not fully understood biological response to in- 
jury of a vessel which results in chronic hyperplasia of 

40 the neointima. Intimal hyperplasia is activated by growth 
factors which are released in response to injury. Acute 
thrombosis is also a result of vascular injury and re- 
quires systemic antithrombotic drugs and possibly 
thrombolytics as well. This therapy can increase bleed- 

45 ing complications at the catheter insertion site and may 
result in a longer hospital stay. Another result of vessel 
injury is acute closure. It occurs in 3-5% of patents re- 
ceiving a PTCA procedure and is caused by any one or 
all of three events, namely, thrombosis, vessel dissec- 

50 tion, and/or elastic recoil. 

[001 7] Several procedures have developed to combat 
restenosis and acute closure, one of which is the deliv- 
ery and implanting of an intravascular stent. Stents are 
in their developmental stage at this point and are being 

55 used in clinical trials throughout the United States and 
are regularly implanted in patients in Europe and other 
countries. Generally speaking, the stents can take nu- 
merous forms, however, it is generally a cylindrical hol- 
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low tube that holds open the vascular wall at the area 
that has been dilated by the dilatation catheter. The use 
of a stent does not always reduce restenosis and can 
aggravate the situation causing acute thrombosis, sub- 
acute thrombosis and intimal hyperplasia. In order to ad- 
dress the complications arising from PTCA procedures 
and the deployment of intravascular stents, the present 
system for delivering therapeutic drugs was developed. 
[0018] Figures 1, 2A and 2B provide background in- 
formation for the incorporation of a therapeutic agent 
within the elastic membrane of the present invention. 
[0019] In FIGS. 1 and 2A, an elastic membrane 5 is 
depicted wherein it has a first edge 6 and a second edge 
7. In FIG. 2A, elastic membrane 5 has been rolled into 
a cylindrical form with first edge 6 and second edge 7 
attached in an overlapping relationship as depicted at 
point 8. It may be desirable to join first edge 6 and sec- 
ond edge 7 in an abutting relationship (not shown) rather 
than overlapping in order to reduce the overall profile. 
FIG. 2B, depicts an elastic membrane 5 wherein it has 
a first end 1 and a second end 2 and is a substantially 
hollow cylinder. It further has an inner surface 3 and an 
outer surface 4 and is generally of a unitary nature. That 
is, it is formed from a continuous material and has no 
seams or overlapping edges. Various means are de- 
scribed below in which a therapeutic agent is incorpo- 
rated within elastic membrane so that it may be deliv- 
ered into a patient's vascular system for the purpose of 
diffusing the therapeutic agent at a controlled rate. 
[0020] Expandable membrane 5 may be formed of 
any suitable material that is elastic and resilient. The 
material preferably is one that has a high degree of non- 
linearity (plastically deformable) for a wide range of 
stress and strain values (i.e., very low residual stress). 
In the preferred embodiment, however, any elastic ma- 
terial my be used, commercially available tubing such 
as "C-Flex" tubing may be used. C-Flex may be ob- 
tained from Concept Polymer Technologies of Largo, 
Florida. In addition, the expandable material should 
have good tear strength to prevent fracturing or splitting 
when it is expanded and stretched. Other suitable prop- 
erties for expandable membrane 5 include low modulus 
of elasticity, high toughness, a high percentage of elon- 
gation (at least 300%), and minimal residual stress after 
expansion. Several preferred materials for expandable 
membrane 5 are ethylene vinyl acetate (EVA) and 
biospan. Other suitable materials for expandable mem- 
brane 5 also include latexes, urethanes, polysiloxanes, 
and modified styrene-ethylene/butylene-styrene block 
copolymers (SEBS) and their associated families as 
well as elastomeric bioabsorbable materials from the lin- 
ear aliphatic polyester group. 

[0021] A therapeutic drug may be combined with the 
expandable membrane 5 for the purposes of diffusing 
the drug into the vessel wall of the patient. For this pur- 
pose any therapeutic drug for use in the body can be 
combined with the expandable membrane for treatment 
purposes. For example, therapeutic drugs for treating 



an injured or diseased area in a vessel and for combi- 
nation with the expandable membrane can include an- 
tiplatelets, antithrombins, and antiproliferatives. Exam- 
ples of antiplatelets and antithrombins include sodium 

5 heparin, LMW heparin, hirudin, hirulog, argatroban, for- 
skolin, vapiprost, prostacyclin, dextran, D-phe-pro-arg- 
chloromethylketone (synthetic antithrombin), dipyrida- 
mole, glycoprotein llb/llla platelet membrane receptor 
antibody, recombinant hirudin, thrombin inhibitor (from 

10 Biogen) and 7E-3B (antiplatelet drug from Centocor). 
Examples of antiproliferatives include angiopeptin (so- 
matostatin analogue from a French company: Ibsen), 
angiotensin converting enzyme inhibitors (Captopril 
(Squibb), Cilazapril (Hoffman-LaRoche) and Lisinopril 

^5 (Merk)), calcium channel blockers (Nifedipine), colchi- 
cine, fibroblast growth factor (FGF) antagonists, fish oil 
(omega 3-fatty acid), low molecular weight heparin 
(Wyeth, Glycomed), histamine antagonists, lovastatin 
(inhibitor of HMG-CoA reductase, cholesterol lowering 

20 drug from Merk), methotrexate, monoclonal antibodies 
(to PDGF receptors, etc.), nitroprusside, phosphodi- 
esterase inhibitors, prostacyclin analogues, prostaglan- 
din inhibitor (Glaxo), seramin (PDGF antagonist), sero- 
tonin blockers, steroids, thioprotease inhibitors, triazol- 

25 opyrimidine (PDGF antagonist from Japanese compa- 
ny), while the foregoing therapeutic agents have been 
used to prevent or treat restenosis and thrombosis, they 
are provided by way of example and not meant to be 
limiting, as other therapeutic drugs may be developed 

30 which are equally applicable for use with the present in- 
vention. 

[0022] The therapeutic drug is combined with expand- 
able membrane 5 by one of several methods. The ther- 
apeutic drug can be loaded into the expandable mem- 

35 brane by known methods such as melt processing, sol- 
vent casting, injection molding, extrusion, coating or by 
diffusion/ absorption techniques. Other methods of in- 
corporating a drug into a polymeric material are well 
known and include heating processes. Such processes 

40 must be carefully monitored and controlled at tempera- 
tures that are low enough to prevent degrading the drug. 
It is important that the therapeutic drug be able to diffuse 
out of expandable membrane 5 and into the patient's 
vascular system at a controlled rate once the expanda- 

45 ble membrane is delivered to the injured or diseased ar- 
ea. Thus, the rate of diffusion is controlled to fit the cir- 
cumstances and can range from a very rapid diffusion 
to a long term diffusion rate. 

[0023] Generally speaking expandable membrane 5 
50 can be delivered within a patient's vascular system by 
any catheter system such as commonly and well known 
dilatation catheters having balloon portions at their distal 
tips. There are a wide range of catheter systems avail- 
able, three of which are depicted in FIGS. 3, 4A and 4B. 
55 in FIG. 3 a rapid exchange catheter system is depicted, 
in FIG. 4A an over-the-wire system is depicted and in 
FIG. 4B a perfusion catheter is depicted. For purposes 
of the present invention, however, any of these systems 
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suffice and numerous other catheter systems would be 
appropriate, including dilatation catheters. Typical dila- 
tation catheter and perfusion balloon catheter systems 
can be found in U.S. Patent Nos. 4,323,071 ; 4,51 6,972; 
5,061,273; 5,137,513; 5,195,971. 
[0024] An advantage to using a perfusion balloon 
catheter system is that the balloon can remain inflated 
for longer periods of time since it allows blood flow to 
continue past the inflated balloon. 
[0025] While expandable membrane 5 can be mount- 
ed directly to the balloon portion of a catheter for intra- 
luminal delivery, the preferred embodiment is to deploy 
expandable membrane 5 in the patient's vascular sys- 
tem using an intravascular stent. Thus, FIGS. 4A, 4B, 5 
and 5A illustrate a stent delivery system which embod- 
ies features of the invention for implanting expandable 
membrane 5. 

[0026] Referring to FIG. 3, the rapid exchange deliv- 
ery system includes a delivery sheath 10 which has an 
outer lumen 11 and an intravascular catheter 12 dis- 
posed within the outer lumen 1 1 . The intravascular cath- 
eter has an elongated catheter body 13 and a balloon 
14 on the distal portion of the catheter body. A manipu- 
lating device 15 is provided on the proximal end of the 
delivery system which is employed to affect relative axial 
or longitudinal movement between the delivery sheath 
10 and the intravascular catheter 12. An expandable 
stent 16, which is to be delivered and implanted within 
a patient's body lumen, is mounted on the exterior of the 
balloon 1 4. The stent disclosed in US-A-5 421 955 which 
is commonly assigned, is suitable for use with the 
present invention. Such stents are expandable and de- 
form beyond their elastic limit to hold open the vessel 
wall in which they are implanted. 
[0027] The delivery sheath 10 has a distal port 17 in 
its distal end which is in fluid communication with the 
outer lumen 11 and a proximal port 18 disposed proxi- 
mally to the distal port. The distal portion of delivery 
sheath 10 tapers down in a spherical-like manner so that 
the cross-sectional area is somewhat less in the distal 
region than the cross-sectional area of the rest of the 
delivery sheath. A slit 1 9 extends from the proximal port 
18 to a location just proximal of the distal port 17. 
[0028] The intravascular catheter 12 has a distal port 
20 and a proximal port 21 which are in fluid communi- 
cation with a first inner lumen 22 extending within the 
distal portion of the catheter 12 and which is adapted to 
slidably receive a guidewire therein. A slit 23 extends 
from the proximal port 21 to a location 24 proximal of 
the proximal end of balloon 14. The proximal end of the 
guidewire receiving first inner lumen 22 is provided with 
a ramp 25 to guide the proximal end of guidewire 26 out 
of the proximal port 21 of intravascular catheter 1 2 when 
the catheter is mounted onto the guidewire, as will be 
discussed hereinafter. A second, much longer inner lu- 
men 27 is provided within the catheter body 13 to direct 
inflation fluid from the proximal end of the catheter body 
to the interior of balloon 14. 



[0029] Proximal of the proximal port 21 in catheter 
body 13 is a stiffening member 28 which is disposed in 
a third inner lumen 29 provided within catheter body 1 3. 
As shown in the drawings, third inner lumen 29 and first 
5 inner lumen 22 may be the same lumen with a plug 30 
separating the two lumens. The ramp 25 is on the distal 
side of plug 30. 

[0030] In a typical stent deployment, expandable 
membrane 5 is loaded onto stent 1 6 so that it covers the 

10 stent without overlapping the ends of the stent. The ex- 
pandable membrane and intravascular stent will be im- 
planted in a patient's vascular system to treat the dis- 
eased and injured area and to allow sufficient blood flow 
through the vessel. Thus, as depicted in FIGS. 5-8 (in- 

15 eluding FIGS. 5A and 8A), intravascular stent 16 and 
expandable membrane 5 are implanted in the patient's 
vascular system. Typically, in these situations there will 
usually be a guidewire 26 (or other guiding member) 
which extends across the damaged section of the artery 

20 such as shown in FIG. 6. The proximal end of guidewire 
26, which extends out of the patient during the entire 
procedure is inserted through the distal port 20 in the 
distal end of catheter 12 and advanced proximally 
through first inner lumen 22 until the proximal end of the 

25 guidewire impacts the ramp 25 and is thereby directed 
through the proximal port 21 . 

[0031 ] The intravascular catheter 1 2 is preferably po- 
sitioned within outer lumen 1 1 of the delivery sheath 1 0 
so that at least a significant portion of the proximal port 

30 18 in the sheath is in alignment with the proximal port 
21 of the intravascular catheter. In this manner, proximal 
advancement of the guidewire 26 through the inner lu- 
men 22 will also direct the proximal end of the guidewire 
out the proximal port 1 8 in the delivery sheath. The prox- 

35 imal end of the guidewire 26 may then be manually held 
to maintain the position of the guidewire within the pa- 
tient's vasculature, while the stent delivery system is ad- 
vanced over the guidewire and through the patient's 
vascular system. The advancement of the stent delivery 

40 system with expandable membrane 5 mounted thereon 
continues until the distal ends of the catheter and sheath 
extend adjacent to or across the injured or diseased ar- 
ea. Next, the manipulator 1 5 on the proximal end of the 
delivery system is actuated to move sheath 1 0 proximal- 

45 ly with respect to the catheter 12 and thereby expose 
stent 1 6 and expandable member 5 which are mounted 
on balloon 1 4. Thereafter, inflation fluid is directed under 
substantial pressure through inflation lumen 27 in the 
catheter body 13 to the interior of balloon 14, thereby 

50 expanding the balloon and simultaneously expanding 
stent 16 and expandable member 5 against the vessel 
wall as shown in FIG. 7. After balloon 1 4 is deflated, the 
delivery systems, both sheath 10 and catheter 12, are 
then removed from the patient along with guidewire 26, 

55 leaving the expanded stent 1 6 pressing against expand- 
able member 5 which is in contact with the vessel wall 
as is shown in FIGS. 8 and 8A. 

[0032] The therapeutic drug contained within expand- 
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able membrane 5 can then diffuse directly into the ves- 
sel wall at the area of the injured or diseased vessel to 
provide treatment. 

[0033] In anotherembodimentof the invention, as de- 
picted in FIG. 4A, an over-the-wire catheter system is 
employed to carry the stent 16 and expandable mem- 
brane 5 within the patient's vasculature to the damaged 
area. A guidewire 26 is employed to cross a damaged 
area and locate the position within the patient so that 
the intravascular catheter can reach the diseased or in- 
jured area. As is typical in over-the-wire catheter sys- 
tems, the intravascular catheter has an outer member 
77 and an inner member 78 which are coaxially aligned. 
Inner member 78 has an inner lumen 79 which carries 
guidewire 26. The guidewire can move freely within in- 
ner lumen 79 in an axial direction. The intravascular 
catheter is slidably disposed within sheath 10 in inner 
lumen 1 1 . Port 1 7 at the distal end of sheath 1 0 provides 
an opening for the catheter to extend from. 
[0034] The method of deploying expandable mem- 
brane 5 is similar to that described for the rapid ex- 
change system described above and as depicted in 
FIGS. 3, 5-8, and 5A and 8A. Generally, guidewire 26 is 
positioned at a location just past the injured or diseased 
area and the catheter system is threaded over guidewire 
26 so that balloon 14, along with stent 16 and expand- 
able membrane 5 are positioned at the injured or dis- 
eased area. Thereafter, balloon 14 is expanded radially 
outwardly to thereby expand stent 1 6 and expandable 
membrane 5. Expandable membrane 5 is sandwiched 
between the patient's vasculature and stent 1 6. Balloon 
1 4 is then deflated and the catheter system is withdrawn 
from the patient's vasculature leaving stent 16 and ex- 
pandable membrane 5 securely implanted in the injured 
or diseased area. The therapeutic drugs within expand- 
able membrane 5 then diffuse into the patient's vessel 
wall to treat the injured or diseased area. 
[0035] Expandable membrane 5 also can be deliv- 
ered intraluminally by loading it onto a perfusion-type 
dilatation catheter of the type disclosed in U.S. Patent 
No. 5,195,971 (Sirhan) and as depicted in FIG. 4B. One 
advantage in using a perfusion catheter is that blood 
continues to flow on both sides of the inflated balloon 
thereby allowing longer balloon inflation times. Thus, as 
shown in FIG. 48, expandable membrane 5 may be 
loaded directly onto balloon 41 or onto a stent carried 
by the balloon. Balloon 41 is mounted on tubular exten- 
sion 40 which is carried by the perfusion catheter. The 
proximal end of balloon 41 is attached to distal section 
42. The perfusion catheter has an inflation lumen 43 and 
a guidewire lumen 44. Inflation lumen 43 will carry infla- 
tion fluid to expand balloon 41 and expandable mem- 
brane 5. Guidewire lumen 44 will receive a guidewire 
(not shown) similar to that depicted in FIG. 4A. In order 
to permit blood to flow continuously while balloon 41 is 
expanded, a plurality of perfusion ports are incorporat- 
ed. Thus, proximal perfusion ports 46 and distal per- 
fusion ports 47 permit blood to flow through guidewire 



lumen 44 while balloon 41 and expandable membrane 
5 are in their expanded condition. Intraluminal delivery 
and implanting are similar to that described for the over- 
the-wire catheter of FIG. 4A. By using a perfusion-type 

5 catheter system, expandable membrane 5 does not 
have to be implanted because it can be delivered and 
expanded into contact with the vessel wall for long pe- 
riods of time without adverse effects to the patient. 
When the drug has diffused, the perfusion balloon is de- 

10 flated and elastic membrane 5 elastically contracts 
along with the deflated balloon. The entire catheter sys- 
tem and elastic membrane 5 are then removed from the 
patient. 

[0036] In an embodiment of the invention, as depicted 
15 in FIGS. 9 and 10, expandable membrane 5 has a first 
layer 80 and second layer 81 spaced apart. First layer 
80 and second layer 81 are then joined along their edges 
to form a fluid-tight seal 82 along all of their edges. Both 
first layer 80 and second layer 81 can be formed from 
20 any of the expandable and elastic materials described 
above with respect to the elastic membrane depicted in 
FIG. 1. 

[0037] Before joining first layer 80 to second layer 81 , 
a plurality of apertures 84 (holes) are formed in first layer 

25 80 by known methods, such as using a laser or other 
methods for making micro-holes in an elastic mem- 
brane. Holes 84 are formed in a first layer 80 while it is 
in stretched condition so that when first layer 80 is in a 
relaxed condition the holes will close to form a fluid-tight 

30 seal. 

[0038] Once first layer 80 and second layer 81 have 
been joined together, they are stretched and a therapeu- 
tic drug is injected through any of holes 84 to fill cavity 
83 which is formed between the two joined layers. After 

35 the therapeutic drug is injected into cavity 83, the ex- 
pandable membrane is relaxed and holes 84 will then 
close so that the therapeutic drug is contained within. 
Expandable membrane 5 as depicted in FIG. 11 is now 
ready for rolling into a cylindrical configuration. It also 

40 may be desirable to roll the membrane so that the edges 
abut rather than overlap so that the cylindrical shape has 
a lower profile. 

[0039] Delivery of the expandable membrane 5 of 
FIG. 11 is similar to that described for the expandable 

45 membrane of FIGS. 1 , 2A and 2B. Again referring to the 
expandable membrane of FIG. 1 1 , it can be mounted on 
a stent which is mounted on the balloon portion of the 
catheter. Thereafter, the catheter, along with the ex- 
pandable membrane and stent, is delivered intralumi- 

50 nally as described above. Unlike the prior description 
relating to the expandable membrane of FIGS. 2A and 
2B, expanding the expandable membrane 5 of FIG. 11 
will force the therapeutic drug through holes 84 when 
the expandable membrane is expanded by balloon 14 

55 and stent 16 on which it is mounted. Thus, as expand- 
able membrane 5 gets larger, holes 84 begin to open 
allowing the diffusion of the therapeutic drug into the pa- 
tient's vessel wall. As the balloon expands stent 16 ex- 
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pands radially outwardly and it increases the pressure 
on expandable membrane 5 and causes yet more of the 
therapeutic drug to diffuse outwardly into the patient's 
vessel wall. Expandable membrane 5 is then sand- 
wiched between the vessel wall and stent 1 6 when bal- 
loon 14 is fully expanded and the stent is implanted 
against the vessel wall. Thus, the therapeutic drug is in- 
jected at the injured or diseased area to provide maxi- 
mum treatment at the specific site. The invention elimi- 
nates systemic levels of drugs which may well result in 
negative (undesirable) side effects such as bleeding 
complications and toxicity. The polymer sleeve may also 
be loaded with a therapeutic drug in the form of a matrix. 
By loading the drug into matrix form, the time during 
which the drug diffuses into the vessel wall can be con- 
trolled to allow for various stages of disease treatment 
and recovery. Further, multiple drugs in the matrix can 
be diffused at rates that coordinate with the particular 
injury or disease to provide optimal treatment. The ma- 
trix can be dispersed in expandable membrane 5 by 
known methods including solvent casting, coating ab- 
sorption or melt processing. 

[0040] In another embodiment of the invention, as de- 
picted in FIG. 11 A, a pair of seamless cylindrical tubes, 
concentrically aligned, form expandable membrane 5. 
An inner tubular member 1 00 is surrounded by an outer 
tubular member 101 and the ends 102,103 are sealed 
by any known method such as welding or by adhesives. 
A reservoir 104 is formed between inner and outer tu- 
bular members 1 00, 1 01 for receiving a therapeutic drug. 
A plurality of micro-holes 1 05 are formed in outer tubular 
member 101 by a laser or other known method. While 
expandable membrane 5 is in a stretched condition, the 
therapeutic drug is injected into reservoir 104 through 
micro-holes 1 05, and thereafter expandable membrane 
5 is relaxed thereby closing micro-holes 105 and trap- 
ping the therapeutic drug in reservoir 1 04. The expand- 
able membrane 5 of FIG. 11 A can then be loaded onto 
a stent 16 and implanted against a vessel wall in the 
same manner as previously described for FIG. 1 1 . Once 
expandable membrane 5 is expanded, the therapeutic 
drug is injected through micro-holes 1 05 directly into the 
vessel wall. 

[0041 ] It should be understood that with all of the em- 
bodiments described herein, expandable membrane 5 
can also carry one or more therapeutic drugs in a matrix 
format. For example, again referring to FIG. 11 A, inner 
and outer tubular members 1 00,1 01 each may be load- 
ed with one or more therapeutic drugs in a matrix form, 
when expandable membrane 5 is implanted as de- 
scribed above, the therapeutic drug(s) contained in the 
matrix will release into the vessel wall at a predeter- 
mined rate. The therapeutic drug in reservoir 104, how- 
ever, will be injected into the vessel wall rapidly as pre- 
viously described. Thus, by providing a combination of 
drugs within reservoir 104 and in matrix form in inner 
and outer tubular members 1 00,1 01 , drugs are contin- 
uously administered at a specific site over a long period 



of time. For example, inner tubular member 1 00 can be 
loaded with a sustained released antithrombotic drug 
since the inner tubular member is in direct contact with 
blood flow. The outer tubular member 101, which is 
5 pressed against the vessel wall, is loaded with a sus- 
tained release antiproliferative drug. Depending on the 
drug and the polymer used, in excess of 40% by weight 
of a drug can be loaded into the tubular members 
100,101. 

10 [0042] Membrane 5 as described herein can also be 
made from bioabsorbable materials which will com- 
pletely absorb into the patient's vascular system over 
time. Membrane 5 can be made from members or co- 
members of the linear aliphatic polyester family, poly- 

^5 urethanes, and composites. 

[0043] The dimensions of the intravascular catheter 
described herein will generally follow the dimensions of 
intravascular catheters used in angioplasty procedures 
in the same arterial location. Typically, the length of a 

20 catheter for use in the coronary arteries is about 1 50 cm, 
the outer diameter of the catheter shaft is about 0.89mm 
(0.035 inch), the length of the balloon is typically about 
2 cm, and the inflated diameter is approximately 1 to 
about 8 mm. 

25 [0044] The materials of construction may be selected 
from those used in conventional balloon angioplasty 

catheters. 

[0045] The delivery sheath will generally be slightly 
shorter than the intravascular catheter, e.g., by about 

30 the length of the manipulating device 15, with an inner 
diameter large enough to accommodate the intravascu- 
lar catheter and to allow the catheter free longitudinal 
movement therein. The sheath and the catheter shaft 
can be made of conventional polyethylene tubing, or any 

35 other material. 

[0046] While the present invention has been de- 
scribed herein in terms of delivering an expandable 
membrane and intravascular stent to a desired location 
within a patient's vascular system the delivery system 

40 can be employed to deliver expandable membranes 
and/or stents to locations within other body lumens such 
as peripheral arteries and vessels, the urethra, or fallo- 
pian tubes, so that the stents can be expanded to main- 
tain the patency of these body lumens. Other areas for 

45 implanting an expandable membrane could be iliac ar- 
teries, the aorta, or virtually any other body lumen. 

Claims 

50 

1. An expandable sheath for delivering a therapeutic 
drug in a body lumen, comprising: 

an expandable membrane (5) in the form of a 
55 cylindrical member and having a first end (1) 

and a second end (2), and a first layer (80) and 
a second layer (81), said first layer (80) and 
said second layer (81) being affixed to each 
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other along their edges to form a drug-contain- 
ing reservoir (83) between the two layers 
(80,81 ), said first layer (80) having a plurality of 
apertures (84) through which a therapeutic 
drug can diffuse from within said drug-contain- 
ing reservoir (83), said plurality of apertures 
(84) remaining open when said first layer (80) 
is in a stretched condition and said apertures 
(84) tightly closing when said first layer (80) is 
in a relaxed condition; 

a therapeutic drug contained within said reser- 
voir (83); and 

means for intraluminally delivering and expand- 
ing said expandable membrane (5) in the body 
lumen so that said therapeutic drug can be elut- 
ed at a specific site in the body lumen. 

2. The expandable sheath of claim 1 , wherein said ex- 
pandable membrane (5) is made from materials tak- 
en from the group of materials consisting of the lin- 
ear aliphatic polyester family, polyurethanes, latex- 
es, urethanes, polysiloxanes, ethylene vinyl acetate 
and modified styrene-ethylene/butylene-styrene 
block copolymers (SEBS). 

3. The expandable sheath of claim 1 , wherein in addi- 
tion a therapeutic drug is combined with said ex- 
pandable membrane (5) in a matrix by any process 
taken from the group of processes consisting of sol- 
vent casting, coating, melt processing or absorp- 
tion. 

4. The expandable sheath of claim 1, wherein said 
means for intraluminally delivering said expandable 
membrane (5) is a catheter system having a proxi- 
mal end and a distal end, the catheter further having 
a balloon portion (14) at said distal end with said 
expandable membrane (5) affixed to said balloon 
portion (14). 

5. The expandable sheath of claim 4, wherein said 
catheter system includes a perfusion balloon (41) 
to permit fluids to flow on both sides of said per- 
fusion balloon (41 ) when said perfusion balloon (41 ) 
is fully expanded. 

6. The expandable sheath of claim 1, wherein said 
means for intraluminally delivering said expandable 
membrane (5) is a catheter (12) having a proximal 
end and a distal end, the catheter further having a 
balloon portion (14) at said distal end, an intravas- 
cular stent (1 6) is mounted on said balloon portion 
(14), and said expandable membrane (5) is at- 
tached to said stent (16) to form a cylinder around 
said stent (16). 

7. The expandable sheath of claim 1 , wherein said cy- 
lindrical member is seamless. 



8. The expandable sheath of claim 1 , wherein said ap- 
ertures (84) are formed in said first layer (80) by a 
laser when said first layer (80) is in a stretched con- 
dition. 

5 

9. The expandable sheath of claim 8, wherein said 
therapeutic drug is loaded into said reservoir (83) 
through said apertures (84) when said membrane 
(5) is in said stretched condition. 

10 

10. The expandable sheath of claim 9, wherein said ex- 
pandable membrane (5) retains said therapeutic 
drug within said reservoir (83) when said membrane 
(5) is in a relaxed condition. 

15 

11. The expandable sheath of claim 10, wherein said 
membrane (5) has a first edge (6) and a second 
edge (7) and is rolled into a cylinder so that said first 
edge and said second edge (7) overlap and are at- 

20 tached to each other. 

12. The expandable sheath of claim 10, wherein said 
membrane (5) has a first edge (6) and a second 
edge (7) and is rolled into a cylinder so that said first 

25 edge (6) and said second edge (7) abut and are at- 
tached to each other. 

13. The expandable sheath of claim 11, wherein said 
expandable membrane (5) is attached to a balloon 

30 portion (14) of a catheter (12) for intravascular 
transport and delivery to a specific site in the body 
lumen. 

14. The expandable sheath of claim 1 , wherein said bal- 
35 loon portion (14) of said catheter (12) expands, 

thereby expanding said expandable membrane (5) 
and forcing said therapeutic drug in said reservoir 
(83) to diffuse through said apertures (84) and into 
the lumen wall. 

40 

15. The expandable sheath of claim 1 , wherein said ex- 
pandable membrane (5) is bioabsorbable. 

16. The expandable sheath of claim 1, wherein said 
45 therapeutic drug is taken from the group consisting 

of antiplatelets, antithrombins and antiprolifera- 
tives. 

17. The expandable sheath of claim 1 , further compris- 
50 ing a catheter (1 2) having a proximal end and a dis- 
tal end, the catheter further having an expandable 
balloon portion (1 4) at its distal end and an intravas- 
cular stent (16) mounted thereon, said expandable 
membrane (5) being affixed to said stent (1 6) by roll- 

55 ing said expandable membrane (5) to form a cylin- 
der around said intravascular stent (1 6). 

18. The expandable sheath of claim 17, wherein said 
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expandable balloon (1 4) is expanded from a first di- 
ameter to a second enlarged diameter thereby ex- 
panding said stent (16) and said expandable mem- 
brane (5) so that said stent (1 6) and said expanda- 
ble membrane (5) are implanted in the body lumen. 

19. The expandable sheath of claim 18, wherein said 
plurality of apertures (84) on said first layer (80) 
open when said expandable membrane (5) is ex- 
panded by said expandable balloon (14) and intra- 
vascular stent (1 6), so that as said plurality of aper- 
tures (84) open the therapeutic drug will diffuse from 
within said drug-containing reservoir (83) to said 
body lumen. 

20. The expandable sheath of claim 1 , wherein said first 
layer (80) has an outer surface loaded with a sus- 
tained release therapeutic drug so that when said 
outer surface contacts the body lumen said drug will 
diffuse into the body lumen at a predetermined rate. 

21. The expandable sheath of claim 20, wherein said 
sustained release therapeutic drug is an antiprolif- 
erative drug. 

22. The expandable sheath of claim 1, wherein said 
second layer (81) has an inner surface in contact 
with blood flow, said inner surface being loaded with 
a sustained release antithrombotic drug for diffus- 
ing into the blood at a predetermined rate. 

23. The expandable sheath of claim 4, further compris- 
ing: means for loading said expandable membrane 
(5) on said balloon portion (1 4) on said catheter sys- 
tem so that when said balloon portion (1 4) is inflated 
said balloon portion (14) will expand radially out- 
wardly thereby expanding said expandable mem- 
brane (5) into contact with said body lumen so that 
said therapeutic drug can be eluted at a specific site 
in the body lumen. 

24. The expandable sheath of claim 23, wherein said 
balloon portion (14) of said catheter is a perfusion 
balloon (41 ) permitting blood flow on either side of 
said perfusion balloon (41 ) when said perfusion bal- 
loon (41) is fully expanded. 

25. The expandable sheath of claim 23, wherein said 
expandable membrane (5) has a low modulus of 
elasticity and can expand to at least 300% of its in- 
itial size. 



Patentanspriiche 

1. Aufweitbare Htille zum Verabreichen eines thera- 
peutischen Medikaments in ein Korperlumen, um- 
fassend: 



eine aufweitbare Membrane (5) in der Form ei- 
nes zylindrischen Elements, und die ein erstes 
Ende (1) und ein zweites Ende (2) sowie eine 
erste Schicht (80) und eine zweite Schicht (81 ) 
5 aufweist, wobei die erste Schicht (80) und die 

zweite Schicht (81 ) entlang ihrer Rander anein- 
ander befestigt sind, um zwischen den zwei 
Schichten (80, 81) ein Medikamenten-Aufnah- 
mereservoir (83) zu bilden, wobei die erste 
10 Schicht (80) eine Mehrzahl von Offnungen (84) 

aufweist, durch die ein therapeutisches Medi- 
kament von innerhalb des Medikamenten-Auf- 
nahmereservoirs (83) diffundieren kann, wobei 
die Mehrzahl der Offnungen (84) offen bleiben, 
15 wenn die erste Schicht (80) in einem gestreck- 

ten Zustand ist, und die Offnungen (84) dicht 
verschlieBen, wenn die erste Schicht (80) in ei- 
nem entspannten Zustand ist; 
ein in dem Reservoir (83) enthaltenes thera- 
20 peutisches Medikament; und 

Mittel zum intraluminalen Abgeben und Aufwei- 
ten der aufweitbaren Membrane (5) in dem Kor- 
perlumen, so dass das therapeutische Medika- 
ment an einer spezifischen Stelle in dem Kor- 
25 perlumen eluiert werden kann. 

2. Aufweitbare Hulle nach Anspruch 1 , worin die auf- 
weitbare Membrane (5) aus Materialien hergestellt 
ist, die aus der Gruppe von Materialien genommen 

30 sind, die aus der lineare aliphatische Polyester-Fa- 
milie, Polyurethanen, Latizes, Urethanen, Polysilo- 
xanen, Ethylenvinylacetat und modifizierten Styrol- 
Ethylen/Butylen-Styrol-Block-Copolymeren 
(SEBS) besteht. 

35 

3. Aufweitbare Hulle nach Anspruch 1, worin zusatz- 
lich ein therapeutisches Medikament mit der auf- 
weitbaren Membrane (5) in einer Matrix durch einen 
Prozesskombiniertist, der aus der Gruppe von Pro- 

40 zessen genommen ist, die aus Losungsmittelguss, 
Beschichtung, Schmelzverarbeitung oder Absorpti- 
on besteht. 

4. Aufweitbare Hulle nach Anspruch 1 , worin das Mit- 
45 tel zum intraluminalen Einfuhren der aufweitbaren 

Membrane (5) ein Kathetersystem ist, das ein pro- 
ximales Ende und ein distales Ende aufweist, wobei 
der Katheter an dem distalen Ende ferner einen Bal- 
lonabschnitt (14) mit der an dem Ballonabschnitt 
50 (14) befestigten aufweitbaren Membrane (5) auf- 
weist. 

5. Aufweitbare Hulle nach Anspruch 4, worin das Ka- 
thetersystem einen Perfusionsballon (41) enthalt, 

55 um zu gestatten, dass Fluide an beiden Seiten des 
Perfusionsballons (41) flieBen, wenn der Perfusi- 
onsballon (41) vollstandig aufgeweitet ist. 
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6. Aufweitbare Hulle nach Anspruch 1 , worin das Mit- 
tel zum intraluminalen Einfuhren der aufweitbaren 
Membrane (5) ein Katheter (12) ist, der ein proxi- 
males Ende und ein distales Ende ist, wobei der Ka- 
theter ferner einen Ballonabschnitt (14) an dam di- 
stalen Ende aufweist, ein intravaskularer Stent (1 6) 
an dem Ballonabschnitt (14) montiert ist und die 
aufweitbare Membrane (5) an dem Stent (16) an- 
gebracht ist, um um den Stent (1 6) herum eInen Zy- 
linder zu bilden. 

7. Aufweitbare Hulle nach Anspruch 1, worin das zy- 
lindrische Element nahtlos ist. 

8. Aufweitbare Hulle nach Anspruch 1, worin die 6ff- 
nungen (84) in der ersten Schicht (80) durch einen 
Laser gebildet sind, wenn die erste Schicht (80) in 
einem gestreckten Zustand ist. 

9. Aufweitbare Hulle nach Anspruch 8, worin das the- 
rapeutische Medikament durch die Offnungen (84) 
in das Reservoir (83) geladen wird, wenn die Mem- 
brane (5) in dem gestreckten Zustand ist. 

10. Aufweitbare Hulle nach Anspruch 9, worin die auf- 
weitbare Membrane (5) das therapeutische Medi- 
kament in dem Reservoir (83) zuruckhalt, wenn die 
Membrane (5) in einem entspannten Zustand ist. 

11. Aufweitbare Hulle nach Anspruch 10, worin die 
Membrane (5) einen ersten Rand (6) und einen 
zweiten Rand (7) aufweist und zu einem Zylinder 
gerollt ist, so dass der erste Rand und der zweite 
Rand (7) uberlappen und aneinander angebracht 
sind. 

12. Aufweitbare Hulle nach Anspruch 10, worin die 
Membrane (5) einen ersten Rand (6) und einen 
zweiten Rand (71) aufweist und zu einem Zylinder 
gerollt ist, so dass der erste Rand (6) und der zweite 
Rand (7) stumpf aneinander stoBen und aneinan- 
der angebracht sind. 

13. Aufweitbare Hulle nach Anspruch 11 , worin die auf- 
weitbare Membrane (5) an einem Ballonabschnitt 
(14) eines Katheters (12) zum intravaskularen 
Transport und Einfuhr zu einer spezifischen Stelle 
in dem Korperlumen angebracht ist. 

1 4. Aufweitbare Hulle nach Anspruch 1 3, worin der Bal- 
lonabschnitt (14) des Katheters (12) aufweitet, um 
hierdurch die aufweitbare Membrane (5) aufzuwei- 
ten und das therapeutische Medikament in dem Re- 
servoir (83) zu zwingen, durch die Offnungen (84) 
und in die Lumenwand zu diffundieren. 

15. Aufweitbare Hulle nach Anspruch 1, worin die auf- 
weitbare Membrane (5) bioabsorbierbar ist. 



16. Aufweitbare Hulle nach Anspruch 1 , worin das the- 
rapeutische Medikament aus der Gruppe genom- 
men ist, die aus Antiplatelets, Antithrombinen und 
Antiproliferativen besteht. 

5 

17. Aufweitbare Hulle nach Anspruch 1, die ferner ei- 
nen Katheter (12) mit einem proximalen Ende und 
einem distalen Ende aufweist, wobei der Katheter 
ferner an seinem distalen Ende einen aufweitbaren 

10 Ballonabschnitt (14) und einen daran angebrachten 
intravaskularen Stent (1 6) aufweist, wobei die auf- 
weitbare Membrane (5) an dem Stent (1 6) befestigt 
ist, indem die aufweitbare Membrane (5) zur Bil- 
dung eines Zylinders um den intravaskularen Stent 

15 (16) herum gerollt ist. 

18. Aufweitbare Hulle nach Anspruch 1 7, worin der auf- 
weitbare Ballon (14) von einem ersten Durchmes- 
ser zu einem zweiten vergroBerten Durchmesser 

20 aufgeweitet wird, um hierdurch den Stent (1 6) und 
die aufweitbare Membrane (5) aufzuweiten, so dass 
der Stent (1 6) und die aufweitbare Membrane (5) in 
dem Korperlumen implantiert werden. 

25 19. Aufweitbare Hulle nach Anspruch 18, worin die 

Mehrzahl von Offnungen (84) an der ersten Schicht 
(80) offnen, wenn die aufweitbare Membrane (5) 
durch den aufweitbaren Ballon (14) und den intra- 
vaskularen Stent (16) aufgeweitet wird, so dass 
30 dann, wenn die Mehrzahl von Offnungen (84) off- 
nen, das therapeutische Medikament von dem Me- 
dikamenten-Aufnahmereservoir (83) zu dem Kor- 
perlumen diffundiert. 

35 20. Aufweitbare Hulle nach Anspruch 1 , worin die erste 
Schicht (80) eine AuBenoberflache aufweist, die mit 
einem therapeutischen Dauerfreigabe-Medikament 
beladen ist, so dass dann, wenn die AuBenflache 
das Korperlumen beruhrt, das Medikament mit ei- 

40 ner vorbestimmten Rate in das Korperlumen diffun- 
diert. 

21 . Aufweitbare Hulle nach Anspruch 20, worin das the- 
rapeutische Dauerfreigabe-Medikament ein anti- 

45 proliferatives Medikament ist. 

22. Aufweitbare Hulle nach Anspruch 1 , worin die zwei- 
te Schicht (81 ) eine mit dem Blutfluss in Kontaktste- 
hende Innenoberflache aufweist, wobei die Innen- 

50 oberflache mit einem antithrombotischen Dauer- 
freigabe-Medikament beladen ist, um mit einer vor- 
bestimmten Rate in das Blut zu diffundieren. 

23. Aufweitbare Hulle nach Anspruch 4, die ferner um- 
55 fasst: Mittel zum Laden der aufweitbaren Membra- 
ne (5) auf den Ballonabschnitt (14) an dem Kathe- 
tersystem, so dass dann, wenn der Ballonabschnitt 
(14) aufgepumpt wird, sich der Ballonabschnitt (14) 
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radial auswarts aufweitet, um hierdurch die aufweit- 
bare Membrane (5) in Kontakt mit dem Korperlu- 
men aufzuweiten, so dass das therapeutische Me- 
dikament mit einerspezifischen Rate in das Korper- 
lumen eluiert warden kann. 5 

24. Aufweitbare Hulle nach Anspruch 23, worin der Bal- 
lonabsclinitt (14) des Katheters ein Perfusionsbal- 
lon (41 ) ist, der einen Blutfluss von jeder Seite des 
Perfusionsballons (41 ) gestattet, wenn der Perfusi- io 
onsballon (41) vollstandig aufgeweitet ist. 

25. Aufweitbare Hulle nach Anspruch 23, worin die auf- 
weitbare Membrane (5) ein niedriges Elastizitats- 
modul hat und auf zumindest 300% seiner ur- 15 
sprunglichen GroBe aufgeweitet werden kann. 



Revendications 

20 

1. Manchon dilatable, destine a fournir un medica- 
ment dans un passage anatomique du corps, et 
comprenant : 

une membrane dilatable (5) sous la forme d'un 25 
element cylindrique etpresentantune premiere 
extremite (1) etune deuxieme extremite (2), et 
une premiere couche (80) ainsi qu'une deuxie- 
me couche (81 ), ladite premiere couche (80) et 
ladite deuxieme couche (81) etant attachees 30 
Tune a I'autre le long de leurs bords afin de for- 
mer un reservoir de medicament (83) entre les 
deux couches (80, 81), ladite premiere couche 
(80) comportant une pluralite d'orifices (84) par 
I'intermediaire desquels un medicament peut 35 
se diffuser a partir de I'interieur dudit reservoir 
de medicament (83), ladite pluralite d'orifices 
(84) demeurantouverts lorsque ladite premiere 
couche (80) est a I'etat tendu et lesdits orifices 
(84) se refermant de fagon etanche lorsque la- 40 
dite premiere couche (80) est a I'etat detendu ; 
un medicament, contenu dans ledit reservoir 
(83) ; et 

un moyen servant a la mise en place, a I'inte- 
rieur du passage anatomique, et a la dilatation 45 
de ladite membrane dilatable (5) dans le pas- 
sage anatomique du corps, de telle sorte que 
ledit medicament puisse etre libere en un em- 
placement specifique dans le passage anato- 
mique du corps. 50 

2. Manchon dilatable selon la revendication 1, dans 
lequel ladite membrane dilatable (5) est faite a partir 
de materiaux, selectionnes a partir du groupe de 
materiaux se composant de la famille des polyes- 55 
ters aliphatiques lineaires, des polyurethanes, des 
latex, des urethanes, des polysiloxanes, de I'ethy- 
lene-acetate de vinyle et des copolymeres sequen- 



ces modifies styrene-ethylene/butylene-styrene 
(SEBS). 

3. Manchon dilatable selon la revendication 1 , dans 
lequel, en outre, un medicament est combine a la- 
dite membrane dilatable (5) dans une matrice, par 
un precede quelconque selectionne a partir du 
groupe de precedes comprenant la coulee avec sol- 
vant, le revetement, le traitement par fusion ou I'ab- 
sorption. 

4. Manchon dilatable selon la revendication 1 , dans 
lequel ledit moyen servant a la mise en place, a I'in- 
terieur du passage anatomique, de ladite membra- 
ne dilatable (5), est un systeme de catheter presen- 
tant une extremite proximale et une extremite dis- 
tale, le catheter comprenant en outre une partie for- 
mant ballon (1 4) situee au niveau de ladite extremi- 
te distale, et ladite membrane dilatable (5) etant at- 
tachee a ladite partie formant ballon (14). 

5. Manchon dilatable selon la revendication 4, dans 
lequel ledit systeme de catheter comprend un bal- 
lon de perfusion (41 ) afin de permettre a des fluides 
de s'ecouler des deux cotes dudit ballon de perfu- 
sion (41) lorsque ledit ballon de perfusion (41) est 
completement dilate. 

6. Manchon dilatable selon la revendication 1 , dans 
lequel ledit moyen servant a la mise en place, a I'in- 
terieur du passage anatomique, de ladite membra- 
ne dilatable (5), est un catheter (12) presentant une 
extremite proximale et une extremite distale, le ca- 
theter comprenant en outre une partie formant bal- 
lon (14) au niveau de ladite extremite distale, un 
elargisseur intravasculaire (16) monte sur ladite 
partie formant ballon (14), et ladite membrane dila- 
table (5) etant fixee audit elargisseur (16) afin de 
former un cylindre autour dudit elargisseur (16). 

7. Manchon dilatable selon la revendication 1, dans 
lequel ledit element cylindrique est "sans soudure". 

8. Manchon dilatable selon la revendication 1, dans 
lequel lesdits orifices (84) sont formes dans ladite 
premiere couche (80) par un laser, lorsque ladite 
premiere couche (80) est a I'etat tendu. 

9. Manchon dilatable selon la revendication 8, dans 
lequel ledit medicament est charge dans ledit reser- 
voir (83) par I'intermediaire desdits orifices (84), 
lorsque ladite membrane (5) est dans ledit etat ten- 
du. 

10. Manchon dilatable selon la revendication 9, dans 
lequel ladite membrane dilatable (5) retient ledit 
medicament a I'interieur dudit reservoir (83), lors- 
que ladite membrane (5) est a I'etat detendu. 



10 



30 



35 



40 



45 



12 



23 



EP 0 712 615 B1 



24 



19. Manchon dilatable selon la revendication 18, dans 
lequel ladite pluralite d'orifices (84) situes dans la 
premiere couclie (80) s'ouvrent lorsque ladite mem- 
brane dilatable (5) est dilatee par ledit ballon dila- 

5 table (14) et par ledit elargisseur intravasculaire 

(1 6), de telle sorte que, lorsque ladite pluralite d'ori- 
fices (84) s'ouvrent, le medicament se diffuse, a 
partir de I'interieur dudit reservoir de medicament 
(83), vers ledit passage anatomique du corps. 

10 

20. Manchon dilatable selon la revendication 1, dans 
lequel ladite premiere couche (80) a une surface ex- 
terieure qui est chargee d'un medicament a libera- 
tion continue, si bien que, lorsque ladite surface ex- 

^5 terieure vient en contact avec le passage anatomi- 
que du corps, ledit medicament se diffuse a I'inte- 
rieur du passage anatomique du corps a une Vites- 
se predeterminee. 



11. Manchon dilatable selon la revendication 10, dans 
lequel ladite membrane (5) comporte un premier 
bord (6) et un deuxieme bord (7) et est enroulee en 
un cylindre de telle sorte que ledit premier bord et 
ledit deuxieme bord (7) se chevauchent et soient 
fixes I'un a I'autre. 

12. Manchon dilatable selon la revendication 10, dans 
lequel ladite membrane (5) comporte un premier 
bord (6) et un deuxieme bord (7) et est enroulee en 
un cylindre de telle sorte que ledit premier bord (6) 
et ledit deuxieme bord (7) se trouvent bout a bout 
et soient fixes I'un a I'autre. 

13. Manchon dilatable selon la revendication 11, dans 
lequel ladite membrane dilatable (5) est fixee a une 
partie formant ballon (1 4) d'un catheter (1 2) pour un 
acheminement intravasculaire et pour une mise en 
place dans un emplacement specif ique dans le pas- 
sage anatomique du corps. 

14. Manchon dilatable selon la revendication 13, dans 

lequel ladite partie formant ballon (14) dudit cathe- 
ter (1 2) se dilate, pour ainsi dilater ladite membrane 
dilatable (5) et forcer ledit medicament, contenu 
dans ledit reservoir (83), a se diffuser par I'interme- 
diaire desdits orifices (84), vers I'interieur de la paroi 
du passage anatomique. 

15. Manchon dilatable selon la revendication 1, dans 
lequel ladite membrane dilatable (5) est bioabsor- 
bable. 

16. Manchon dilatable selon la revendication 1, dans 
lequel ledit medicament est selectionne a partir du 
groupe comprenant des antiplaquettes, des anti- 
thrombines et des medicaments anti-proliferation. 

17. Manchon dilatable selon la revendication 1, com- 
prenant en outre un catheter (12) presentant une 
extremite proximale et une extremite distale, le ca- 
theter comprenant en outre une partie formant bal- 
lon dilatable (1 4) au niveau de son extremite distale, 
et un elargisseur intravasculaire (1 6) monte sur cet- 
te partie, ladite membrane dilatable (5) etant atta- 
chee audit elargisseur (16) par enroulement de la- 
dite membrane dilatable (5) afin de former un cylin- 
dre autour dudit elargisseur intravasculaire (16). 

18. Manchon dilatable selon la revendication 17, dans 
lequel ledit ballon dilatable (14) est dilate a partir 
d'un premier diametre pour prendre un deuxieme 
diametre agrandi, pour ainsi dilater ledit elargisseur 
(16) et ladite membrane dilatable (5), de telle sorte 
que ledit elargisseur (16) et ladite membrane dila- 
table (5) soient implantes dans le passage anato- 
mique du corps. 



20 21. Manchon dilatable selon la revendication 20, dans 
lequel ledit medicament a liberation continue est un 
medicament anti-proliferation. 

22. Manchon dilatable selon la revendication 1, dans 
25 lequel ladite deuxieme couche (81 ) a une surface 

interieure en contact avec le flux sanguin, ladite sur- 
face interieure etant chargee d'un medicament an- 
tithrombose a liberation continue, pour une diffu- 
sion dans le sang a une Vitesse predeterminee. 

30 

23. Manchon dilatable selon la revendication 4, com- 
prenant en outre : un moyen pour charger ladite 
membrane dilatable (5) sur ladite partie formant bal- 
lon (1 4) sur ledit systeme de catheter de telle sorte 

35 que, lorsque ladite partie formant ballon (14) est 
gonflee, ladite partie formant ballon (14) se dilate 
radialement vers I'exterieur pour ainsi dilater ladite 
membrane dilatable (5) pour qu'elle vienne en con- 
tact avec ledit passage anatomique du corps, afin 

40 que le medicament puisse etre libere en un empla- 
cement specifique a I'interieur du passage anato- 
mique du corps. 



24. Manchon dilatable selon la revendication 23, dans 
45 lequel ladite partie formant ballon (14) dudit cathe- 
ter est un ballon de perfusion (41 ) afin de permettre 
I'ecoulement du sang de part et d'autre dudit ballon 
de perfusion (41), lorsque ledit ballon de perfusion 
(41 ) est completement dilate. 

50 

25. Manchon dilatable selon la revendication 23, dans 

lequel ladite membrane dilatable (5) a un bas mo- 
dule d'elasticite et peut se dilater jusqu'a au moins 
300 % de sa taille initiale. 

55 
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